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L E G A L  N O T I C E  
This  repor t  w a s  prepared a s  an account of Government sponsored work. 

Neither the United States, nor  the Commission, nor  any  person act ing on behalf 
of the Commission: 

A. Makes any warran ty  or  representation, expressed  o r  implied, with r e -  
spect to  the accuracy, completeness, o r  usefulness of the information contained 
in this report ,  or that the use of any information, apparatus, method, o r  process  
disclosed in  this repor t  may tiot infringe pr ivately owned r ights ;  o r  

€3. Assumes any liabilities with respec t  to the u s e  of, o r  f o r  damages r e -  
sulting from the use of any information, apparatus ,  method, o r  p r o c e s s  disclosed 
in  this report .  

A s  used in  the above, "person act ing on behalf of the Commission" includes 
any employee o r  contractor  of the Commission. o r  employee of such contractor ,  
to the extent that such employee or contractor  of the Commission, o r  employee of 
s u c h  contractor  prepares ,  disseminates ,  o r  provides a c c e s s  to, any information 
pursuant to his employment o r  contract  with the Commission, o r  his  employment 
with such contractor. 
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I - SYSTEMS SUPPORT A C T I V I T I E S  

(A) U1 t rason ic  P a r t i c l e  Disseminator Development 

I n  an e f f o r t  t o  p rov ide  parameters associated w i t h  i n i t i a l  m i c r o b i a l  

l o a d i  nq on spacecraf t  surfaces f o r  t h e  P1 anetary  Ouarant i  ne Mathematical 

Model, a s tudy has been i n i t i a t e d  t o  determine the  model bes t  s u i t e d  f o r  

c o l l e c t i o n  and r e t e n t i o n  o f  v iab le  p a r t i c l e s  t h a t  may be present  i n  t h e  

atmosphere o f  a def ined environment. 

has been the  development o f  a Sonic Disseminator which i s  used t o  l o a d  a 

s t a t i c  clean-room atmosphere w i t h  s tab le,  p red ic tab le  concentrat ions o f  

One o f  t h e  f i r s t  steps i n  t h i s  stud.y 

dr,y b a c t e r i a l  spores. 

a t e s t  atmosphere w i t h  ver.y low concentrat ions o f  spores which are used 

This  device was designed so t h a t  a means o f  l oad inq  

as a sur face l oad inq  mechanism would be ava i l ab le .  

aerosol  loadinqs o f  s i n g l e  microorganisms i s  a very d i f f i c u l t  task w i t h  

e x i s t i n q  commercial equipment. However, t he  use o f  son ic  enerqy i n  t h i s  

To o b t a i n  repeatable 

d isseminat ion technique n o t  on l y  tends t o  separate clumps o f  spores b u t  

a l s o  provides the  mechanism f o r  re lease o f  very smal l ,  y e t  p red ic tab le ,  

numbers o f  spores i n t o  a def ined atmosphere. 

( B )  Vacuum Probe Development . 

The o t h e r  major development has been on a Vacuum Probe which i s  used 

t o  r e t r i e v e  b a c t e r i a  f rom surfaces f o r  assay purposes. 

t i o n  o f  t h e  Vacuum Probe has cons is tan t l y  y i e l d e d  removal e f f i c i e n c i e s  o f  

90-100% when load inq  a smooth aluminum sur face w i t h  d ry  B a c i l l u s  s u h t i l u s  

var .  n iqer ,  77-94% when load inq  w i t h  wet B h c i l l u s  s u b t i l u s  var. n iqer ,  

and 94-99% when load ing  w i t h  bac te r ia  conta ined i n  qarden s o i l  and human 

s k i n  f lakes.  

The f i r s t  mod i f i ca-  

Work i s  now underway t o  op t im ize  and def ine no t  o n l y  the  

probe b u t  a l so  the  associated tub ing  and sampler which are  a l l  in terconnected 

w i t h i n  the  complete assay system. 
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(C) Fine P a r t i c l e  Physics Studies 

Alonq w i t h  the  f i n a l  development work on the  Vacuum Probe a study o f  

v i a b l e  p a r t i c l e  adhesion c h a r a c t e r i s t i c s  and a s tudy o f  t he  physics o f  

v i a b l e  p a r t i c l e  r e t e n t i o n  on surfaces have been i n i t i a t e d .  

o f  these s tud ies  w i l l  p rov ide  the phys ica l  model upon which the parameters 

The combination 

o f  t h e  mathematical model can be based. 

(D) High Rate Aerosol P a r t i c l e  Moni tor  

A p roduc t ion  u n i t  i s  scheduled f o r  de1iver.y t o  Sandia Corporat ion i n  

l a t e  November, 1966. This  u n i t  w i l l  sample a i r  a t  t he  r a t e  o f  1 CFM w i t h  

t h e  p o s s i b i l i t y  o f  2 CFM. 

A r e p o r t  , SC-RR-66-585 e n t i t l e d ,  "Development of Increased Sampl i nq 

Rate Mon i to r ing  System", i s  scheduled fo r  p u b l i c a t i o n  November 2, 1966, 

cover ing  the  development o f  t he  h igh  r a t e  sampler system. 

( E )  Mic rob io log i ca l  Support Studies 

I n  an e f f o r t  t o  more exac t ly  de f i ne  some o f  t he  b i o l o g i c a l  models which 

a r e  beinq t r a n s f e r r e d  i n t o  mathematical models , severa l  m ic rob io log i ca l  

suppor t  s tud ies  are beinq i n i t i a t e d .  

min ing  the  r e l a t i o n s h i p  between b a c t e r i a l  die-away and the  r e l a t i v e  humid i ty  

o f  the  atmosphere i n  which the  b a c t e r i a  res ide .  A t  t h i s  po in t ,  33%, 50% 

and normal ly  v a r i a b l e  ambient l abo ra to ry  r e l a t i v e  humid i t ies  a re  being 

u t i  1 i zed i n  t h e  t e s t i n g  procedure. 

One o f  these i s  concerned w i t h  de te r -  

Another e f f o r t  concerns determininq the  m ic rob io log i ca l  p r o f i l e  of a 

c lean, laminar- f low h o s p i t a l  opera t inq  room dur inq  i t s  use. Aerosol samplers 

have been placed a t  s t r a t e q i c  po in ts  no t  on l y  around the  opera t inq  room 

equipment b u t  a l so  very c lose  t o  t h e  i n c i s i o n  o f  t he  p a t i e n t .  

t h e  data from the  samplers placed near the  f l o o r  w i l l  p rov ide  an i n d i c a t i o n  

Hopefu l ly ,  
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of the ac tua l  b a c t e r i a l  load inq  caused by sheddinq o f  workers d u r i n s  t h e i r  

movement, and data from the  p o i n t  o f  i n c i s i o n  w i l l  c o r r e l a t e  w i t h  the  

poss ib le  contamination a t  p o i n t s  near a convenient work e l e v a t i o n  i n  a 

t i a h t l y  c o n t r o l l e d  environment. The t i g h t l y  c o n t r o l l e d  environment o f  

t h e  opera t inq  room can then be compared w i t h  proposed spacecraf t  assembly 

operat ions t o  o b t a i n  some i n d i c a t i o n s  o f  contaminat ion ranqes. 
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I 1  - SYSTEMS STUDIES ACTIVITIES 

( A )  Model o f  Program Object ives 

A model has been developed which r e l a t e s  t o t a l  p lanetary  e x p l o r a t i o n  

ob jec t ives  t o  spacecraf t  o r i e n t e d  subobject ives.  Each o f  the  phases ( lander,  

f l y b y  and o r b i t e r )  i s  represented i n  the  model by an expression o f  t h e  form 

where 

P - i s  the  p r o b a b i l i t y  o f  t o t a l  e x p l o r a t i o n  proqram success, 

K - i s  a number, 0 1. K 1, "propor t ion inq"  the  success t o  t h e  phase 

i n  quest ion,  

Pc - i s  t h e  p r o b a b i l i t y  t h a t  a given miss ion b i o l o q i c a l l y  contaminates 

t h e  p lanet  (assumed constant) ,  

Ps 

N - i s  t h e  minimum number o f  successful  missions needed t o  success fu l l y  

- i s  t h e  p r o b a b i l i t y  t h a t  a g iven mission be successful  

complete t h e  q iven phase o f  t h e  t o t a l  e x p l o r a t i o n  program, and 

M - i s  the  number o f  a d d i t i o n a l  missions t h a t  one i s  w i l l i n g  o r  abJe t o  

launch i n  o r d e r  t o  increase the  p r o b a b i l i t y  o f  success o f  t h i s  

program phase. 

The above expression represents the  p r o b a b i l i t y  o f  completing N missions 

s u c c e s s f u l l y  i n  N + M t o t a l  missions ( i n  t h e  phase . 

w i t h o u t  b i o l o g i c a l l y  contaminating the  p lanet .  Accordinqly, P i s  c a l l e d  

t h e  " p r o b a b i l i t y  of  successfu l ly  completinq" t h e  phase i n  question. The 

model assumes t h a t  t h e  ob jec t ive  o f  any q iven phase may be s t a t e d  as " the 

p r o b a b i l i t y  o f  success fu l l y  completing the  phase should no t  be l e s s  than 

suwc prescribed ?cIwpr bound," o r  n o t a t i o n a l l y ,  PK - > P . 

quest ion)  

K 

-K - --- 
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. .  

W i t h  this objective, for  each fixed s e t  of parameters K,  N ,  M, Ps, 
,. 

one may obtain a requirement on Pc of the form Pc 5 Pc. 

probability o f  biological contamination from any spacecraft may not exceed 

some upper bound i f  P i s  t o  be greater t h a n  or  equal to  P . 

T h a t  i s ,  the 

K ^K 

Because of the natural uncertainty surrounding many of the parameters 

P,K,N,M,PS, the model has been analyzed using many combinations of values 

for  these parameters. 

The probability, Pc, of biological contamination from a single space- 

c ra f t ,  i s  related, i n  the model, t o  P ( O ) ,  the probability of h a v i n g  no 

viable terrest ia l  microorganisms aboard the spacecraft. 

ment Pc 

i s ,  the probability that the spacecraft is s t e r i l e  must not be less t h a n  

some lower bound P(0). 

and becomes a subobjective that must be achieved. 

calculated for  many combinations of values of  K , N , M ,  and Ps. 

T h u s ,  the require- 

Pc leads to a requirement on P(0) of the form P(0) : k ( O ) ,  t h a t  

This l a t t e r  requirement is  spacecraft oriented, 

The number P(0) is  

T h i s  model is intended as a f i r s t  step i n  developing a model which 

incorporates both experimental objectives and non-contamination objectives. 

There is  a tradeoff between these two, and a model i s  needed which allows this 

relationship to  be analyzed. 

will stimulate further interest  in this area, and lead to  the development 

of a model which is acceptable t o  the planetary quarantine community. 

I t  i s  hoped that the presentation of th i s  model 

( B )  Ster i l izat ion Models 

The s te r i l i za t ion  model currently used for  predicting the probability, 

P ' ( O ) ,  that  a spacecraft is s t e r i l e  immediately a f t e r  the terminal s t e r i l i -  

zation heat cycle assumes that the probability that a single microorganism 

is  a l ive  a t  time t i n  a given thermal environment i s  o f  the form (exponential 

death model) 
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where a i s  a constant  dependent upon the  thermal environment and type o f  

microorganism involved.  If one enters the  s t e r i l i z a t i o n  cyc le  w i t h  a 

popu la t ion  of no microorqanisms o f  a f i x e d  type  and assumes t h a t  t he  

deaths o f  these microorqanisms are independent o f  one another, then t h e  

p r o b a b i l i t y ,  P ( k ) ,  o f  hav ing k ( k  - no) microorganisms remaininq a t  t ime t 

i s  

where [Fo) i s  t he  b inomia l  c o e f f i c i e n t  represent ins  the  number of ways k 

t h ings  may be chosen from amonq no th inqs .  Usinq t h i s  model, t h e  expected 

number o f  microorganisms a t  

Normall.y, one compares exper 

i m e  t, denoted E ( t ) ,  has the  form 

~ ( t )  = no 

mental data w i t h  E ( t )  i n  attemptincr t o  decide 

whether such an exponenti a1 model i s  appropr ia te.  

Much o f  t he  research data r e l a t e d  t o  p lanetary  quarant ine va r ies  consider-  

a b l y  about E ( t ) .  

smal l .  Furthermore, very recent s tud ies  i n d i c a t e  t h a t  t he  pas t  environmental 

h i s t o r y  o f  a microorgani  sm (as we1 1 as s t e r i  1 i z a t i o n  thermal environment) 

p lays  an impor tan t  r o l e  i n  a microorganisms' s u r v i v a l .  

Th is  i s  p a r t i c u l a r l y  t r u e  when the  numbers measured are 

Thus an i n v e s t i q a t i o n  has been i n i t i a t e d  t o  examine o the r  poss ib le  models 

which are n o t  i n  c o n t r a d i c t i o n  w i t h  e x i s t i n q  data and which con ta in  some 

h e r e d i t a r y  fac to r .  
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I .  

( C )  Literature Survey 

A survey of l i t e ra ture  pertinent t o  the planetary quarantine problem i s  

being undertaken. Literature sources are: 

1. qeneral aerospace 1 i terature abstracts,  

2. NASA l i t e ra ture  abstracts, 

3. P1 anetary Quarantine Organization, NASA, research publications 

4. l i t e ra ture  obtained a t  o r  through attendance a t  pertinent meetinos, 

and,  

retrospective search service provided by the Technoloqy Appl i ca- 

tion Center, U N M ,  under the auspices o f  the Office o f  Technical 

Uti 1 ization, NASA. 

5. 

I t  is  expected t h a t  th i s  compendium will be useful i n :  

( i  ) determining the state-of-the-art i n  areas related t o  planetary 

quaranti ne, 

( i i )  f i n d i n g  areas i n  which more research and development may be advisable, 

( i i i )obtaininq more comprehensive da ta  upon w h i c h  t o  base quantitative 

models, and 

( i v )  obtaininq da ta  for  use i n  evaluatinq the values of model parameters. 

Articles are now being collected and cateqorized, and a document surveyincr 

these, in relation t o  the current program development, has been s tar ted.  
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I11 - PUBLICATIONS AND PATENTS 

( A )  Publ icat ions 

1. Sherry, E. J., and Trauth, C. A., "An Assembly Contamination Model," 

SC-RR-66-421, July,  1966. 

2. Beakley, J. W., Wh i t f ie ld ,  W. J . ,  and Mashburn, J. C., "Deposit ion 

o f  Nut r ien ts  t o  Surfaces by Rodac Plates ,I' SC-RR-66-386, September, 

1966. 

Beakley, J. W., Whi t f ie ld ,  W. J., and Mashburn, J.  C., "Evaluat ion 

o f  the  E f f i c i ency  of a Class 100 Laminar-Flow Clean Room for  

Viable Contamination Cleanup," SC-RR-66-385, September, 1966. 

3. 

(B) Patents 

U. S. Patent No. 3,273,323, covering a Laminar Flow A i r  Hood Apparatus, 

issued on September 20, 1966, t o  W. J. Whi t f ie ld ,  2572. 
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